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(54) Loose tube fiber optic cable 

(57) An optical fiber cable has a plurality of loose 
tubes, each containing at least one optical fiber which 
is wound to form a loose helical configuration. The loose 
tubes each contain one or more filamentary members 
of superabsorbent material. The loose tubes are ar- 
rayed around a central organizing member and the as- 



sembly is surrounded by a strength member forming a 
jacket. The strength member is layered with superab- 
sorbent material and the empty spaces within the jacket 
contain yam members of superabsorbent material. The 
entire assembly is surrounded by an outer jacket of suit- 
able material, preferably fire resistant: 
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D script ion 

FIELD OF THE INVENTION 

This invention relates to a communication cable pri- 
marily tor use in outside plant applications and, more 
particularly, to a fiber optic cable having water blocking 
means incorporated therein. 

BACKGROUND OF THE INVENTION 

Optical fibers, as used in communications, afford 
many advantages, such as, for example, large band- 
width capacity and small size, over the more common 
and typical metallic wire arrangements. 

On the other hand, optical fibers, which are gener- 
ally made of fused silica or other glasses, are extremely 
delicate and are detrimentally affected by tensile stress- 
es, abrupt bending, and static fatigue, in addition to var- 
ious other types of stress. Thus, glass fibers, despite a 
theoretical high tensile strength; in actuality have low 
tensile strength and are subject to breakage when in- 
corporated in a cable that, as in outside plant applica- 
tions, must be pulled through ducts or the like. When 
such a cable is bent to accommodate changes in rout- 
ing, for example, the fibers contained therein, if bent too 
sharply, as often happens, are subject to microbending 
cracks and consequently loss of signal transmission ca- 
pability. 

If the cable is subjected to moisture, as almost in- 
variably happens in outside plant applications, this too 
can have a detrimental effect on the optical fibers. In the 
presence of moisture, glass will ultimately fracture under 
sustained stress even though the stress is actually be- 
low the tensile strength of the fiber because ot the 
growth of surface flaws, which are aggravated by the 
moisture. Furthermore, glass fibers, in very long 
lengths, exhibit a low strain at break, usually less than 
one-half of one percent elongation before fracture. In- 
asmuch as each fiber in a cable carries or transmits sev- 
eral signal channels, any fracture occurring in just one 
fiber can mean the loss of the channels transmitted ther- 
eon, as well as possibly or probably necessitating the 
replacement of the section of the cable wherein the trac- 
ture occurred. 

In view of the foregoing problems, as well as others 
inherent in or arising from, the rise of optical fibers in 
cables, much effort has been directed toward a cable 
design which eliminates or at least minimizes the detri- 
mental effects ot the various kinds of stress, as noted in 
the foregoing. In U.S. Patent 4,078,853 of Kempf, etai, 
there is shown a "loose tube" cable design that over- 
comes most of the stress problems. This desirable result 
obtains from a structure in which the optical fibers are 
structurally isolated from th surrounding loading or ca- 
ble nvironment; According to the invention of that pat- 
ent, a plurality of light transmitting optical fibers, forming 
a cable core, are contained in a loose-fitting envelope 



or jacket so that the core fibers are substantially longi- 
tudinally decoupled from the rest of the cable structure 
and thus are not subjected to longitudinal tensile forces 
applied to the cable itself. Such a structural isolation also 

s minimizes radial impact loads on the fibers of the core. 
Surrounding the enveloping structure or inner jacket is 
an outer jacket which is reinforced with primary strength 
members having a tensile modulus and a strain at break 
greater than that of the glass fibers. The primary 

io strength members are tightly coupled to, or integrated 
into, the outer cable jacket so that they will carry the ex- 
pected loads. Hence, under special loading conditions, 
the externally applied tensile stresses are substantially 
taken up by the primary strength members and not 

15 passed on to its core fibers. The optical fibers within the 
loose tube or tubes : where a plurality of such tubes are 
included in the cable, are preferably longer than the tube 
itself, being coiled or otherwise helixed into the tube in 
a slack state. As a consequence, any bending or tensile 

20 elongations of the cable itself does not immediately af- 
fect the fibers, such stresses being countered or ab- 
sorbed by the cable structure itself without being applied 
to the fibers as a result of their being de-coupled from 
the physical cable structure. As a result, the fibers are, 

25 in effect, protected from these stresses with a greatly 
decreased likelihood that they will be affected thereby. 

In some cable configurations, each loose tube has 
a central organizing member extending along its length 
about which the fibers are helically wound, thus creating 

30 considerable fiber slack while holding the fibers in an 
organized arrangement. Such an arrangement enhanc- 
es the protection of the fibers from not only longitudinal 
stresses but from bending stresses also. Inasmuch as 
the fibers in a loose tube arrangement, whether they be 

35 stranded or incorporated into a ribbon structure, are in- 
dividually accessible, such an arrangement also lends 
itself to splicing, either of individual fibers, or of groups 
of fibers. 

One of the most prevalent problems in cable use, 

40 regardless of whether the cable contains metallic con- 
ductors or optical fibers, is the intrusion of moisture into 
the cable. This problem is especially acute in outside 
plant cable use, where ambient conditions are constant- 
ly changing. These changes in the ambient conditions 

45 lead to the diffusion of moisture into the cable from the 
outside thereof, and such diffusion eventually can lead 
to an undesirably high level of moisture inside the cable, 
which can have a detrimental effect on the signal trans- 
mitting members, and hence, on the signal transmis- 

50 sion. As pointed out hereinbefore, moisture detrimental- 
ly affects both metallic conductors and optical fibers. 
Moisture can also be introduced into the cable because 
of a compromise in the integrity of, for example, the out- 
er jacket. Common causes of such failure of the jacket 

55 can b rod nt attacks or mechanical impacts tending to 
damag the jacket. When ver moisture is pres nt in the 
int rior of a cable, it tends, over a period of time, to mi- 
grate or flow longitudinally along the cable and into cable 
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connections at the splice closures or terminals and the 
like. In the special case of optical fibers, passage ot the 
water therealong to connection points or terminals and 
associated equipment located, for example, inside clo- 
sures, can not only result in damage to such equipment, 5 
especially to any metal parts thereof, but can cause 
problems at low temperature or freezing environments 
due to fiber microbending. 

Many optical fiber cables have one or more longitu- 
dinally extending tapes wrapped around the core of the 10 
cable which include a super-absorbent material that 
swells upon contact with water to block the flow of water 
along the cable length. In U.S. Patent 4,867,526 of Ar- 
royo, such a cable is disclosed. In the cable of that pat- 
ent, there is interposed between the core and the jacket * 5 
an elongated substrate member of non-metallic, non- 
woven, web-like material in the form of a tape which has 
been impregnated with a super-absorbent material. The 
tape material is relatively compressible and has suffi- 
cient porosity and sufficient super-absorbent capacity 20 
so that it functions as a water block upon contact there- 
with. In another prior art cable, a water blockable yarn 
is interposed between a core and an inner surface of the 
cable jacket. The yarn extends linearly along the cable 
or, alternatively, it may be helically wrapped about a por- 2S 
tion of the sheath system. The yam preferably is one 
which comprises a super-absorbent fiber material 
which, upon contact with water, swells and inhibits the 
flow or movement of water within the cable. 

In other prior art arrangements, efforts have been 30 
made to use a yarn-like strength member that has been 
treated with a super-absorbent liquid material which, 
when dry, fills the interstices of the yarn-like strength 
member. In another embodiment, a filamentary strand 
material comprising a water absorbent fibrous material 35 
is wrapped around each of the strength members. It has 
been found that, for a number of reasons, treating the 
strength member with a super-absorbent material is 
both impractical and uneconomical. 

In U.S. Patent 5,133,034 of Arroyo et al., there is 40 
shown an optical fiber cable which overcomes most of 
the aforementioned problems. That cable comprises a 
plurality of optical fiber components, each of which in- 
cludes a buffered fiber and a high strength aramid yarn. 
The components are arranged about a central organ izer 
and are surrounded by a water blocking strength mem- 
ber system. The strength member system comprises a 
strength member layer disposed between two adjacent 
super-absorbent material layers. The entire assembly is 
surrounded by and enclosed within an outer jacket, pref- s° 
erably of a low halogen, fire resistant plastic material. 
Supplementary water blocking members of water 
swellable fiber material are disposed within the jacket to 
fill the gaps and interstic s created by th fiber compo- 
nent arrangement. 55 

Prior art cables, as evidenced by the arrangement 
discussed in the foregoing, have been directed primarily 
to buffered fiber or ribbon fiber arrangements and, for 



th most part, have not addressed the probl m of water 
intrusion into a loose tube cable arrangement. In a loose 
tube arrangement, the tubes, themselves, are conduits 
for the passage of water therealong, and thus, present 
an additional problem not present in a typical buff red 
fiber arrangement as shown in the 5,133,034 patent. In 
general, it has been the practice to inject a flooding com- 
pound, such as petrolatum grease, into the cable sheath 
to act as a moisture barrier and, in some instances, to 
surround the flooding compound with a layer of alumi- 
num tape. The flooding compound is of grease-like con- 
sistency, and must be removed from the fibers when 
splicing or terminatbn operations are to be performed. 
Thus, it is common practice prior to splicing, for exam- 
ple, to use grease removing compounds and wipes to 
clean the fibers, a messy and time consuming operation. 
The aluminum tape simply compounds the problem in- 
asmuch as it, too, must be removed. Removal of the alu- 
minum tape can be especially difficult when it adheres 
to the inner jacket, as often happens. In addition, the 
aluminum tape, being metallic can, where the cable is 
used in outside plant applications, attract lightening. 

SUMMARY OF THE INVENTION 

The present invention is a loose tube type of optical 
cable that overcomes many of the problems discussed 
in the foregoing, while retaining the advantages of loose 
tube construction, as discussed hereinbefore. 

The cable of the invention comprises a central, lon- 
gitudinally extending organizer rod about which are ar- 
rayed a plurality of loose tubes. The rod is preferably of 
a material such as a glass-epoxy compound, although 
polyethylene can also be used as can certain types of 
superabsorbent yarn which have a degree of strength 
and rigidity sufficient to function as an organizer. The 
loose tubes are each lormed of a suitable flexible ma- 
terial such as a polybutane material or high density pol- 
yethylene which, although flexible, is still sufficiently 
tough and stiff enough to provide at least some impact 
protection. Within each of the loose tubes is a longitudi- 
nally extending group of loosely wound, in helical fash- 
ion, optical fibers. Each fiber is preferably coated with a 
protective coating of, for example, an acrylate, and has 
a diameter much less than the inner diameter of the 
loose tube. Thus, a loose tube can contain a large 
number of fibers without impeding their freedom of 
movement. 

Surrounding the array ol tubes is a strength mem- 
ber, in tubular form, which comprises, for example, 
strands of aramid fibers such as the commercially avail- 
able KEVLAR®. Such fibers are characterized by high 
tensile strength, medium to low elongation and ultra high 
modulus, and, when formed into a jacket or tube, afford 
high impact strength as well. The jacket or tub thus 
formed has a layer of super-absorb nt material on both 
the inner surface and th outer surface which, in one 
embodiment of the invention, is applied in the form of a 
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powder which adh res to the surfac s. As with any su- 
per-absorbent material, the powder expands upon con- 
tact with moisture to block the movement thereof within 
the cable. The spaces and interstices formed in the in- 
terior of the jacket have supplementary water blocking 
members formed of a water swellable fibrous yam, such 
as a cotton yarn impregnated with super-absorbent ma- 
terial or commercially available Lanseal®, a super ab- 
sorbent fiber. The entire assembly of cable core, layered 
strength member, and water blocking yarn is enclosed 
in an outer jacket of polyethylene or other suitable ma- 
terial. 

In accordance with the present invention, each of 
the loose tubes has disposed therein, in addition to the 
organizing member and the optical fibers, one or more 
filamentary strands of super-absorbent yam which ex- 
tend longitudinally along the length of the tube. One suit- 
able commercially available yarn material is Lanseal®, 
a super-absorbent fiber. The filamentary strands func- 
tion the same as the other super-absorbent yams, and 
sw II to block the passage of water upon contact there- 
with. It is necessary that the fibers within each of the 
loose tubes be able to move relatively freely, hence, the 
tubes preferably are not packed with super-absorbent 
fibers. On the other hand, because the fibers, even 
when swollen, produce a gel-like material which is rela- 
tively soft and yielding, they do not unduly hinder move- 
ment of the fibers. The use of such super-absorbent fil- 
aments obviates the use of grease components for wa- 
ter blocking purposes. 

In another embodiment of the invention, super-ab- 
sorbent tapes are used to replace the powder applied 
to the inner and outer surfaces of the strength member. 

These and other features of the present invention 
will be more readily apparent from the following detailed 
description, read in conjunction with the accompanying 
drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional elevation view of the ca- 
ble of the invention; 

FIG. 2 is a perspective view of a portion of the cable 
of Fig. 1 ; and 

FIG. 3 is a partial cross-sectional view of a second 
embodiment of the invention. 

DETAILED DESCRIPTION 

In Fig. 1 there is shown, in cross-section, a cable 
10 embodying the principles of the present invention. 
Cable 10 has a centrally located, longitudinally extend- 
ing organizer rod 11 of suitable material, preferably a 
glass epoxy material which is sufficiently flexibl to allow 
bending of the cable 10. Alternatively, other materials, 
such as polyethylene or the lik may be us d as th or- 
ganizer member 10, but, unlike th cable of U.S. Patent 
5.133.034, it is not necessary that the organizer 10 be 



mad of a wat r blocking mat rial, although such ma- 
terial might be used. The advantage of a glass epoxy 
material for the organizer 11 is that it supplies a measure 
of tensile strength to cable 10 which most superabsorb- 

s ent yarns do not. Arrayed around rod 11 is a plurality of 
tubular members 12 of a material such as polybutane 
or high density polyethylene which is both flexible and 
tough enough to provide a measure of impact protec- 
tion. Within each of the loose tubes 1 2 is a longitudinally 

io extending array of individual loose fibers 14 which, as 
is the practice in the prior art, are coated with an ultra 
violet cured resin, an acrylate, or the like for protection 
of the fiber itself, and also to increase the diameters 
thereof to where the fibers 14 can be more easily ma- 
is nipulated for splicing, connecting and the like. As will be 
discussed hereinafter, the fibers 14are preferably coiled 
or helically wound along the length of the loose tube. In 
fabrication of the loose tube-fiber assembly, the tube is 
extruded under tension around the fibers so that fiber 

20 length and tube length are equal. However, when the 
tension on the tube is released, it contacts so that the 
fibers are longer than the tube. Subsequent manufac- 
turing steps impart a loose helical configuration to the 
group of fibers, as shown in Fig. 2. 

2S In accordance with one aspect of the invention, 
each of the tubes 12 has one or more strands or fila- 
ments 16 of a super-absorbent fiber yams extending 
along the length thereof for the purpose of blocking the 
flow of any water that might enter one or more of the 

30 tubes 1 2. A superabsorbent fiber suitable for this use of 
filaments 16 is the commercially available Lanseal-F®, 
manufactured by Toyobo Co. t Ltd. of Osaka, Japan. The 
number of filaments 1 6 in each tube should not be such 
that free movement of the fibers 14 is impeded, hence, 

3S as shown in Fig. 1, only three such filaments 16 are 
shown. On the other hand, if the ingress of water is such 
as to cause the filaments to swell, the fibers 14 are still 
moveable with respect to the tubes 1 2 inasmuch as the 
filaments, being relatively soft and yielding, permit 

40 movement of the fibers. In addition, the filaments 16, 
which are not affixed to the tubes 12, are movable with 
respect thereto under the various stresses encountered. 
The filaments, when swollen, also provide some impact 
protection for the fibers 14. 

45 Surrounding the assembly of organizer 11 and 
tubes 12 is a strength member in the form of a yarns 17. 
Yarns 17 may be made of any of a number of suitable 
materials, such as an aromatic potyamide, but a pre- 
ferred material is an aramid fibrous yarn which is avail- 

so able commercially as KEVLAR® from E. I. DuPont de 
Nemours. The yams 17 is built up from a plurality of such 
yarns (not shown) to form a complete surrounding of the 
periphery of the core assembly. KEVLAR® is a regis- 
t r d name for a family of aramid (aromatic polyamide) 

55 fib rs which are tough, light, and of quite high tensii 
strength, which makes KEVLAR® an excellent mat rial 
for the str ngth members 17. 

As shown in Fig. 1 , the inner surface of the strength 
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members 17 has a lay r 18 of superabsorbent material 
thereon, and the outer surface of str ngth members 17 
likewise has a layer 19 of a superabsorbent material 
thereon. In the arrangement shown in Fig. 1 , the super- 
absorbent layers 18 and 19 consist of a hydrophilic ma- 
terial applied in powder form to the surfaces of yarn 
strength members 17 with sufficient cohesion to insure 
that the material stays in place. Powder hydrophilic ma- 
terials are known, examples being cellulosic or starch- 
graft copolymers, or synthetic superabsorbents which 
are especially useful because of their microbial resist- 
ance. Such synthetic superabsorbents include polyelec- 
trolytes and non-electrolytes, the former being pre- 
ferred. Of the polyelectrolytes, polyacrylic acid and poly- 
acrylonitrite-based materials are the most common. Hy- 
drophilic materials absorb water quickly, and when con- 
tacted by water, form a reaction product in the form of a 
gel which is effective to block the flow of water. 

Within the volume enclosed by the strength mem- 
bers 17 are numerous voids. In the cable of the inven- 
tion, as shown in Fig. 1 . these voids and interstices are 
filled by superabsorbent yarn members 21 , 22 and 23 
of different sizes. The material of such members 21, 22 
and 23 may be any of a number of superabsorbent ma- 
terials such as, for example, Lanseal® which has excel- 
lent water absorption and swelling properties, as point- 
d out hereinbefore. 

Surrounding and enclosing the.yarn strength mem- 
bers 17 is an outer jacket 24 of suitable material such 
as polyvinyl chloride (PVC) or a suitable polyethylene, 
which is preferably fire resistant. With the core and inner 
str ngth members 17 enclosed by the jacket 24, and 
with the several water blocking members 16, 18, 19 : 21, 
22 and 23, as shown, the cable 10 is well protected 
against any accumulation of excess water or any flow 
of such water along the length thereof. 

In Fig. 2 there is shown a perspective view of one 
of the loose tubes 12. Loose tube 12 contains a group 
of fibers 14 which extends the length thereof and about 
which are loosely wound, in helical fashion. The loose 
helical winding represents the slack or helical state of 
the fibers 14 under no load and permits elongation of 
the fibers 14, as will occur, for example, under tensile 
lorces or in cable bends, without the fibers, themselves, 
being forced to bear any of the tensile loads of the cable. 
Thus, there is little likelihood that the fibers will be bent 
to a radius less than the critical radius, or that they will 
be broken by elongation from tensile forces. 

The cable of the invention, in a second embodiment 
thereof, is shown in a partial cross-sectional view in Fig. 
3, and is basically the same configuration as the cable 
of Fig. 1. However, instead of the layers 18 and 19 of 
hydrophilic material applied directly to the inner and out- 
er surfac s of the strength member 17, the outer surface 
of member 17 has a water blocking tape 26 wound lon- 
gitudinally thereabout and in contact therewith along its 
length forming an outer layer. The tape may be, for ex- 
ample, of hydrophobic material treated with a water 



blocking material. In U.S. Patent 4,909,592 of Arroyo, 
et ai, such a tape is shown which comprises a non-wo- 
ven polyester material having a web structure compris- 
ing randomly arranged fibers bonded at the cross-overs. 

5 The fibers may be formed of any plastic resin or any oth- 
er material which is capable of maintaining its shape 
during extrusion of the core. Alternatively, the tape 26 
may be a nylon spunbonded fabric, non-woven glass, 
cellulose fabric or the like. It is to be preferred that the 

io tape be continuous in nature to add an additional incre- 
ment of tensile strength to the cable. The formed tape 
is impregnated with a superabsorbent or hydrophilic ma- 
terial such as a cellulosic or starch-graft polymer or syn- 
thetic superabsorbent, discussed hereinbefore, suffi- 
cient to render the tape and absorbent material swella- 
ble upon contact with water, thus adding to the water 
blocking capabilities of the cable. The spunbonded tape 
26 may be impregnated with any of a number of other 
materials also. Thus, it may be impregnated, for exam- 

20 pie, with a superabsorbent material derived from an 
aqueous solution of an acrylate polymeric material 
which combines acrylic acid and sodium acrylate and 
water. In Fig. 3 there is also shown a second tape mem- 
ber 27 lorming a layer on the inner surface of the mem- 

2S ber 1 7 which preferably is the same kind of tape as tape 
layer 26. This second layer 27 enhances the water 
blocking capabilities of the cable in its interior volume 
and also adds an increment of tensile strength to the 
cable. Layer 27 eliminates the need for the superab- 

30 sorbent yarns 21 , 22 and 23 shown in Fig. 1 . The cable 
of the invention, as depicted in Figs. 1,2 and 3, has suf- 
ficient superabsorbent members to make it capable of 
substantially completely blocking the flow of water lon- 
gitudinally along its length. The superabsorbent material 

35 of the several superabsorbent components forms a gel 
and changes the viscosity of the intruding water at the 
point ol contact therewith, making it more viscous and 
resistant to further water flow. In the cable of the inven- 
tion, the loose tubes contain water blocking materials 

40 which, in the normal operating state, are dry and non- 
interfering with the optical fibers in the tubes. Thus, con- 
nections and splicings may be performed on the fibers 
without the necessity of removing grease and cleaning 
the fibers prior to such connections or splicings. 

4£ in conclusion, it should be noted that it may be ob- 
vious to those skilled in the art that many variations and 
modifications may be made to the preferred embodi- 
ment of the invention without departure from the princi- 
ples of the present invention. Further, in the claims here- 
to after, the corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements 
are intended to include any structure, material, or acts 
performing the functions in combination with other 
claimed elements as specifically set forth in the claims. 

55 
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Claims 

1. A communication cable comprising: 

a core having a longitudinal axis and compris- 
ing at least one optical fiber communication me- 
dium; 

a first longitudinally extending organizing mem- 
ber substantially axially disposed in said core; 
at least one tubular member disposed adjacent 
said organizing member; 
at least one optical fiber member within said tu- 
bular member wound in a loose helical config- 
uration, said optical fiber member having a di- 
ameter considerably less than the inner diam- 
eter of said tubular member, thereby forming a 
loose tube assembly; 

at least one longitudinally extending filamen- 
tary member of superabsorbent material within 
said tubular member; 

a layered strength member surrounding and 

enclosing said first organizing member and 

said tubular member to form a first jacket, said 

strength member comprising a tubular member 

of material of high tensile strength and having 

an inner surface and an outer surface; 

a first layer of water blocking material on said 

inner surface of said tubular member; 

a plurality of water blocking members disposed 

within said first jacket; and 

a second jacket surrounding and enclosing said 

first jacket 

2. A communication cable as claimed in claim 1 and 
further including a second layer of water blocking 
material on said outer surface of said tubular mem- 
ber. 

3. A communication cable as claimed in claim 1 
wherein said first organizing member is of glass- 
epoxy material. 

4. A communication cable as claimed in claim 1 
wherein said tubular member of said strength mem- 
ber is made of an aromatic polyamide material. 

5. A communication cable as claimed in claim 4 
wherein the material of said strength member is an 
aramid yarn, said strength member being formed 
with a plurality of such yams. 



ymer, or a synthetic superabsorbent in powder 
form. 

8. A communication cable as claimed in claim 1 
s wherein said first layer and said second layer of wa- 
ter blocking material are each formed of either a 
tape of non-woven polyester material treated with a 
water blocking material, or a non-woven, spun 
bonded cellulosic fabric impregnated with a super- 

10 absorbent hydrophilic material, or a non-woven 
glass material impregnated with a superabsorbent 
hydrophilic material, or a non-woven nylon material 
impregnated with a superabsorbent hydrophilic ma- 
terial. 

15 

9. A communication cable as claimed in claim 1 
wherein each of said plurality of water blocking 
members comprises a longitudinally extending su- 
perabsorbent yam. 

20 

10. A communication cable as claimed in claim 9, 
wherein said superabsorbent yarn is Lanseal®. 
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6. A communication cable as claimed in claim 1 
wherein said first layer and said second layer of wa- 
ter blocking material each comprise a lay r of pow- 
der d hydrophilic material. 

7. A communication cable as claimed in claim 6 
wherein the hydrophilic material is a cellulosic pol- 
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